Summary. Between 70 and 80% of zona-intact hamster ova survived freezing after slow cooling (~0\m=.\3\s=deg\C/min) to \m=-\80\s=deg\Cin Medium PB1 containing 1\m=.\5or 2\m=.\0 m-DMSO before transfer to \m=-\196\s=deg\C.After slow warming (~8\s=deg\C/min), there was no difference in survival if the DMSO was diluted out by a slow stepwise or a rapid single addition of medium. When slow cooling was terminated at \m=-\40\s=deg\C by direct transfer to \m=-\196\s=deg\C,up to 75% of the ova survived rapid warming (~500\s=deg\C/min) and rapid dilution if the medium contained 2\m=.\0m-DMSO. The survival rates were calculated on the basis of the number of thawed ova which retained their normal morphological appearance after a 1 h incubation before removal of the zona pellucida with trypsin. All of these ova were penetrated after incubation with mouse spermatozoa, indicating that the freezing procedure per se does not adversely affect the penetration of frozen\p=n-\thawedhamster ova by heterologous spermatozoa.
Introduction
Yanagimachi, Yanagimachi & Rogers (1976) presented evidence that acrosome-reacted human spermatozoa could fuse with zona-free hamster oocytes in vitro. In subsequent studies, Barros, Gonzalez, Herrera & Bustos-Obregon (1978 , 1979 and Rogers et al. (1979) showed that the interaction of human spermatozoa with zona-free hamster oocytes was a valuable tool to discriminate between samples of semen from fertile and suspected infertile men. So far, the fusion of human spermatozoa with oocytes of any other mammalian species has not been demonstrated. Quinn (1979) was unable to obtain penetration of human spermatozoa into zona-free mouse and rat oocytes. Therefore, the provision of hamster oocytes appears to be of paramount importance in places where this species is not yet available, e.g. Australia, and for routine use in infertility clinics where a ready supply of animals may be unavailable.
Hamster oocytes have been stored at -75°C by Parkening & Chang (1977) and at -50°C by Fleming, Yanagimachi & Yanagimachi (1979) , with good recovery rates and high percentages of fertilization in vitro. However, for prolonged storage of large numbers of oocytes and for convenient transport in liquid nitrogen, it would be necessary to store them at -196°C, a temperature at which only photophysical reactions take place (Whittingham, 1980) . The present study was undertaken to define the optimal conditions for preserving hamster oocytes at -196°C in order to assess the fertilizing capacity of human and other heterologous spermatozoa.
Materials and Methods

Media
The composition of the various media used is shown in Table 1 . The Hepes-buffered Tyrode's (HT6) medium used for freezing oocytes contained a purified bovine serum albumin (BSA) preparation (Quinn & Stanger, 1980) at 30 mg/ml. This purified BSA was also used at 30 mg/ml in the modified Tyrode's medium (T6) for the capacitation of human spermatozoa and their incubation with zona-free hamster oocytes. Untreated BSA (Sigma, Fraction V) was used at a concentration of 15 mg/ml in T6 medium for the capacitation of mouse spermatozoa and their incubation with hamster oocytes. Both T6 media had their pH adjusted to 7-5-7-6 with 1 N-NaOH after the addition of BSA. Medium M2 containing hyaluronidase (300 U/ml; Type II, Sigma) was frozen in 1 ml aliquots at -20°C until used. The PB1 medium containing 1-5 or 2-0 M-dimethyl sulphoxide (DMSO; BDH Chemicals) was used as the freezing medium in Exps 1 and 2. (Yanagimachi, 1969 (Whittingham et al, 1979) . After the samples had thawed, they were left at room temperature for 5 min before dilution of the DMSO.
Dilution of DMSO
The thawed samples were diluted at room temperature by (a) stepwise addition, at 1-min intervals, of 0-3, 0-3 and 0-6 ml freezing medium at room temperature, or (b) the single addition of 1 ml medium. The diluted contents of each freezing tube were emptied into an embryological watchglass and the tube rinsed twice with 1 ml medium.
Removal of zona pellucida
After recovery, ova appearing morphologically normal were placed in droplets of fertilization medium T6 (Table 1) under paraffin oil in a 5% CO, in air incubator at 37°C for 1 h. The criteria for normal morphology of ova included the fact that the vitellus was light, non-granular and translucent with a distinct periphery. Ova which had a deformed or cracked zona pellucida but a vitellus with the above characteristics were also regarded as being normal and capable of being fertilized. At the end of the 1 h incubation, the ova which still appeared normal were placed in medium containing 0-1% (w/v) trypsin (bovine pancreatic, 3000 U/mg, Sigma) to remove the zonae pellucidae, washed twice in fresh medium and placed with capacitated mouse or human spermatozoa. Freshly collected hamster oocytes had their zonae removed in a similar fashion after being freed of cumulus cells using hyaluronidase (300 U/ml in Medium M2).
Fertilization assays
Mouse spermatozoa were collected from mature (C57BL CBA) F! males and at a final concentration of 1-2 lOVml were preincubated in 0-5 ml of fertilization medium (T6 with 15 mg untreated BSA/ml) under oil in 5% C02 in air at 37°C for 2 h to effect capacitation (Quinn, 1979) . Human spermatozoa were prepared from the liquefied ejaculates of healthy donors of proven fertility by an overlay technique (Quinn & Stanger, 1980 The zona-free hamster oocytes were incubated with the capacitated spermatozoa for 3-6 h, removed and washed thoroughly through two changes of fresh medium to remove loosely adherent spermatozoa and then fixed and stained with orcein (Toyoda & Chang, 1974) . The ova were assessed using phase-contrast and bright-field microscopy and only considered to have been penetrated by spermatozoa when they contained a decondensing sperm head or male pronucleus with accompanying sperm tail. Experiment 3 Zona-intact ova were frozen in Medium HT6 (see Table 1 ). The DMSO (2-0 m) was diluted rapidly after thawing at room temperature. High survival rates after storage were obtained whether slow cooling was terminated at -40 or -80°C before transfer to liquid N2 (Table 4) . treatments, respectively) difference in the penetration rates of human spermatozoa between the frozen and fresh ova. The decondensation of the sperm nuclei after 6 h incubation was slower in frozen than in fresh ova. In fresh ova, the sperm nucleus had developed to the pronuclear stage Tables 3 and 4. in 12 out of 18 ova penetrated, but with frozen-thawed ova only 2 out of 24 penetrated ova contained sperm nuclei at the equivalent pronuclear stage. When the penetration rates of human spermatozoa into zona-free hamster oocytes which were frozen in Medium PB1 or HT6 with 2-0 M-DMSO were compared (Table 5) , there was a difference for the two media.
Results
Experiment 1
Discussion
This study shows that hamster oocytes can be frozen to -196°C, stored at this temperature for up to 98 days and then thawed, resulting in a good recovery of ova which can be readily penetrated by heterologous (mouse and human) spermatozoa. Many capacitated mouse spermatozoa penetrated the frozen-thawed zona-free hamster oocytes but only proceeded to the swollen sperm head stage. Development did not progress to fully formed male pronuclei as it does in mouse oocytes over a similar period. Hanada & Chang (1972) also reported that the transformation of mouse sperm heads into male pronuclei was delayed in the hamster vitellus.
This does not seem to be due to an excessive number of sperm heads present in the egg cytoplasm because a concentration range of IO6-103 mouse spermatozoa/ml in the fertilization medium resulted in 1-5-11-2 penetrating spermatozoa per freshly collected hamster ovum ; these spermatozoa had all proceeded only as far as the swollen sperm head stage over a 4 h incubation period irrespective of the number of spermatozoa present in the ovum (P. Quinn & D. G. Whittingham, unpublished observations) . In mouse ova, the rate of decondensation of penetrating mouse spermatozoa is reported to be inversely related to the number of penetrating spermatozoa per ovum (Witkowska, 1981 (Whittingham et al, 1979) . It was also similar to that for hamster oocytes stored at -50°C (Fleming et al, 1979) and -75°C (Parkening & Chang, 1977) . Oocytes and embryos stored at about -50°C are probably in an extremely unstable supercooled state since the temperature at which intracellular ice nucleation takes place in slowly cooled embryos is between -40 and -60°C (Leibo, 1977) . Observations with a low temperature microscope indicate that the formation of intracellular ice is not damaging per se but extended periods (during slow thawing) at high sub-zero temperatures once it has formed are lethal (Rail, Reid & Farrant, 1980) . Therefore, it is more satisfactory and convenient to store hamster oocytes in liquid N2 (-196°C) for transport or long-term storage to ensure that any variation in the storage temperature has no detrimental effect on the survival of the ova. Whittingham et al. (1979) found that the rate of warming necessary to obtain optimal survival of mouse embryos is dependent on the temperature at which slow cooling is ended before immersion in liquid N2. Our results show that hamster oocytes behave in a similar fashion. The hamster oocytes frozen in Medium HT6 survived better when slowly warmed after slow cooling to -80°C before immersion in liquid N2 than when they were rapidly warmed after slow cooling terminating at -40°C before transfer to liquid N2 (Table 4 ). In contrast, mouse embryos frozen in Medium PB 1 show no difference in survival if warmed at the correct rates whether the slow cooling is terminated at -40 or -80°C (Whittingham et al, 1979) .
The reduced survival of hamster oocytes frozen without their zonae pellucidae contrasts with the high survival rates obtained by Fleming et al (1979) . This may result from differences in the final storage temperature (-196°C in the present study, -50°C in the study of Fleming et al, 1979) . We also found that hamster oocytes frozen in a phosphate-buffered medium containing 4 mg BSA/ml (Medium PB1) were penetrated less effectively by human spermatozoa than after the oocytes were frozen in a Hepes-buffered medium containing 30 mg BSA/ml (Medium HT6). Fleming et al (1979) obtained optimal survival rates of frozen hamster oocytes with medium containing a high protein concentration (10% fetal calf serum). It is known that phosphatebuffered medium is detrimental to the survival of mouse embryos at 37°C (Quinn & Wales, 1973) . The superior survival rates of the hamster oocytes stored in Medium HT6 rather than Medium PB 1 could be due to the differences in protein concentration and/or buffering system. Whatever the reasons, our results show that it is feasible to store hamster oocytes at -196°C using a straightforward procedure and that the frozen-thawed oocytes are readily penetrated by heterologous spermatozoa. The recommended procedure is to cool zona intact ova slowly (~0-3°C/min) in Hepes-buffered Tyrode medium containing 30 mg BSA/ml and 2-0 M-DMSO 
